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ABSTRACT 
 
JEREMIAH J. LIBBY:  The Comparison of Complex and Compound Training  
Programs on Volleyball Players 
(Under the direction of Dr. Robert McMurray) 
The purpose of this study was to determine whether there are differences in lower 
body power production gains between four weeks of complex and compound training.  A 
secondary purpose was to determine whether differences in gains were observed at a faster 
rate between complex and compound training programs. Thirty one college-aged volleyball 
players were split into the groups based on gender and pre-training performance measures.  
Work was equated between the two groups.  After 4 weeks of training, Both groups 
significantly improved (5-9%) their vertical jump height and power output following 3 weeks 
of training (p < 0.0001).  However, neither group improved significantly better than the 
other, nor did either group experience faster gains in vertical leap or power output.  The 
results of this study suggest that performing 3-4 weeks of either complex or compound 
training is effective for improving vertical leap and power output; thus, coaches should 
choose the program which best suits their training schedules.     
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CHAPTER I 
INTRODUCTION 
In most sports, the ability to successfully perform explosive tasks is based on 
strength and power. Strength is the development of force where as power is force 
development per unit of time (Fleck & Kraemer, 2004).  Many training methods exist that 
try to increase athlete’s muscular power. Most commonly, these methods comprise of some 
form of either resistance (weight lifting) or plyometric (jumping) training.  Researchers have 
studied the effects of both of these forms of training individually and in combination on 
factors such as vertical leap, hip and thigh power, and 1 repetition maximums (1RM) 
(Adams et al., 1992).  Literature suggests that the combination of both produces greater 
results than either alone in most cases (Adams et al., 1992).   
 High Load Resistance Training (HLRT), a form of resistance training in which the 
workload placed on the muscle is of substantial demand, is known to improve muscular 
strength and size (Ebbens & Watts, 1998).  By increasing resistance, there is a greater 
recruitment in muscle fibers resulting in increased force production.  Over time, the 
breakdown and rebuilding of these muscle fibers improves force development (strength). 
HLRT has not, however, been proven to produce an increase in power, especially with sport 
specific movements.  Conversely, plyometric training has been shown to improve muscular 
power but not necessarily muscular size or maximum strength.  Plyometric exercises are 
fast, powerful exercises which utilize a pre-stretch to elicit a quick response from the
2muscle’s stretch reflex (Ebben & Watts, 1998).  While increases in power due to resistance 
training tend to reflect changes in the force component, improvements in power due to 
plyometric training tend to more reflect changes in neuromuscular response, primarily the 
speed component.  This increase in speed is accomplished through an increase in the motor 
firing frequency of the central nervous system (Adams et al., 1992).   
 Research has shown that the combination of resistance and plyometric training yields 
greater results than either alone (Adams et al., 1992; Kotzamanidis, et al., 2005; Fatouros et 
al., 2000; Fleck & Kontor, 1986; Blakey & Southard, 1987).  Combining HLRT with 
plyometic training seems to maximize power output by increasing both muscle fiber 
hypertrophy and neuromuscular adaptations.  To take advantage of this concept, coaches 
have developed two types of training programs known as compound and complex training. 
“Compound Training” alternates between resistance training during one session followed by 
a session of plyometric training the following day.  However, one possible problem with 
compound training is that performing exercises using the same muscle group on back to back 
days may not allow for proper muscle recovery time and could lead to overtraining and 
possible injury may occur (Adams et al., 1992).   
More recently, coaches have begun using “Complex Training.”  Complex training 
consists of alternating between resistance training and plyometric exercises biomechanically 
similar in movement within the same exercise session.  By doing so, the athlete does not need 
to train on subsequent days, allowing for more appropriate recovery time.  Complex training 
enhances neural response due to either an increase in motor unit recruitment, a greater 
inhibition of neural protective mechanisms (Golgi tendon organs) or both. The maximized 
3excitation by increased recruitment and firing speed and the minimized inhibition by Golgi 
tendon organs facilitates greater force production (Cronon, McNair, & Marshall, 2002).  
Theory suggests that performing high load resistance prior to the plyometric action enhances 
neuromuscular recruitment during the action, thereby increasing the immediate power output 
and maximizing the athlete’s gains over time (Gourgoulis et al., 2003; Jones & Lees, 2003; 
Young, Jenner, and Griffiths, 1998).  In the past, the goal of complex training has been 
focused on enhancing short term power output (Fleck & Kraemer, 2004). While the acute 
affects of combination training on power have repeatedly shown significant improvements, 
there is little research to substantiate the long term training effects (Young, et al. 1998).  
Furthermore, while studies have compared different combination training programs against 
both resistance and plyometric programs separately, few have yet compared different designs 
of combination training programs against each other to determine whether one is better than 
the other.  In addition, there is a need for studies which compare programs with equated 
workloads (Fatorous et al., 2000).         
Purpose 
The purpose of this study was to determine whether or not there are differences in 
vertical leap gains or power production gains between complex and compound training 
programs.  A secondary purpose was to determine whether differences in gains are observed 
at a faster rate between complex and compound training programs.  Differences in vertical 
leap and power gains were measured by a vertical jump test.  
 The Null Hypothesis is that there will be no significant difference in the change in 
vertical leap gains or power output gains as determined by a vertical jump between the two 
groups.  The secondary Null Hypothesis is that there will be no significant difference in the 
4rate at which gains are observed between the two groups.  The research hypotheses are as 
follows: 
1. Complex Training will result in greater gains in vertical jump heights than 
Compound Training.   
2. Complex Training will result in greater lower body power gains than Compound 
Training. 
3. Complex Training will result in faster gains in vertical jump heights than 
Compound Training. 
4. Complex Training will result in faster gains in lower body power than Compound 
Training. 
Definition of Terms 
Biomechanically Similar Exercise s- exercises with similar patterns of body segment 
movement. Example – Squats are biomechanically similar to depth jumps.   
Plyometric Training - exercises that maximize the stretch reflex response to produce faster 
force production, increasing power output. 
Combination Training - a training program that contains both resistance exercises and 
plyometric exercises. 
Complex Training - an exercise session that consists of alternating between high load 
resistance exercises and biomechanically similar plyometric exercises within that session. 
Compound Training - an exercise session of high load resistance exercises followed by a 
separate exercise session of plyometric activity on the following day, alternating sessions of 
different exercise methods. 
Power - the amount of force a muscle exerts per unit of time. 
5Assumptions 
1. Vertical jump height is indicative of lower body power production.  
2. It is assumed that each exercise is performed to the individual’s maximal ability. 
Limitations 
1. The subjects used for this experiment will be college aged club volleyball players of 
both genders.  Results of this study will only be applicable for such athletes. 
2. Genetic differences and training history can not be controlled.  
Delimitations 
1. Workout sessions will be supervised by the same individual(s). 
2. The participants will not be blind to the treatment they receive but will be blind to the 
theory of each treatment and the expected outcome. 
3. Diet and supplementation are not being controlled.  However, subjects will be asked 
to maintain their normal diets throughout the study. 
Significance of Study 
 There are perhaps few sports in this world where it is a detriment to be faster or more 
powerful. In today’s sporting world, coaches are being called upon to produce the optimal 
amount of physical improvement in the least amount of time.  This study may help strength 
and conditioning coaches to provide more effective and time efficient workouts for their 
athletes.   For example, most high school athletics only have, at the most, a month of pre-
season to train before regular seasons begin.  The results of this study will suggest whether 
one training method produces greater results, or the same results but in less time, than 
another method. 
 
6CHAPTER II 
 
REVIEW OF LITERATURE 
 
Introduction 
 
The development of explosive leg power is fundamental for success in sports such as 
basketball, volleyball, and football.  Power is defined as the time rate of doing work (Power 
= Work/Time) (Baechle & Earle, 2000).  Work is the product of the force exerted on an 
object and the distance that object moves (Work = Force x Distance).  In sport, the term 
“power” usually refers to the amount of work a muscle can produce per unit of time (Adams 
et al., 1992).  
The fundamental necessity for power development has lead to years of researching 
for new ways to improve power output and thus athletic performance.  Resistance training 
has been the most popular and most established form of training for improving power (Fleck 
& Kraemer, 2004).  Increases in contractile properties within the muscle increase the amount 
of work produced, and hence lead to improved power output.  Research within the past two 
decades has established the development of plyometrics to improve power (Fatouros et al., 
2000).  Plyometrics enhances motor unit recruitment which decreases the amount of time 
needed to produce work, thus leading to improved power output.  Within the past several 
years, more and more professionals have begun combining the two training methods.  
Professionals refer to this as “combination training.”  By bridging the gap between strength 
and speed, athletes are better able to optimize power output (Adams et al., 1992).  At this 
point however, research has not been able to determine the optimal combination of design
7variables to allow the most significant increase in muscular power production (Baechle & 
Earle, 2000).   
 Studies done in the acute setting have helped identify designs for combination 
training programs which may be more effective in producing lower body power (Fleck, 1986; 
Ebben & Watts, 1998; Fleck & Kramer, 2004; Young, Jenner, & Griffiths, 1998, Masamoto, 
Larson, Gates & Faigenbaum, 2003).  These results have shown that when a jumping activity 
(vertical leap), which is reflective of lower body power production, is preceded by a heavy 
load resistance exercise (squat), the ensuing jump will produce more power (vertical leap is 
greater).  This increase in power seems to be due to neuromuscular enhancements and may 
be responsible for any significant differences in power development that this study may 
conclude (Ebben & Watts, 1998).    
Resistance Training 
The effect of resistance training on vertical jump has been investigated extensively 
with consistently positive findings (Baker, 1996; Fatorous et al., 2000; Ebben & Watts, 1998; 
Adams et al., 1992).  Fatorous et al. (2000) found that 12 weeks of resistance training 
improved vertical jump by 9%.  Another study found that 8 weeks of resistance training with 
a combination of general lifts and Olympic lifts resulted in greater improvements than a 
combination with plyometrics, 6.6% to 5.7%, respectively (Tricoli et al., 2005).  While past 
research focused on whether resistance training affected vertical jumping ability, research of 
late has focused more on identifying the type of resistance training that is most effective in 
increasing vertical jump performance, specifically selecting the appropriate mode and 
intensity.  General strength training has usually been aimed at improving the contractile 
properties of muscles.  Examples of general lower body strength exercises are squats, lunges, 
8and dead-lifts (Fatouros et al., 2000).  However, simply training for improved contractile 
property and leg strength does not necessarily result in an improved vertical jump (Baker, 
1996; Cronin et al., 2002; Fatouros et al., 2000).  In fact, heavy strength training has been 
found in some cases to reduce power production over long periods of time (Ebben & Watts, 
1998).  This seems to be due to the large decreases in velocity which accompany lifting large 
forces. As such, the need to transfer these gains in strength to task related performances 
becomes evident.   
 Hence, within general strength training exercises, some exercises, such as the squat, 
are more sport specific towards improving vertical jump than others (Baker, 1996).  The 
biomechanics of squat exercises allows muscular strength to be more readily transferred to 
jumping than other exercises.  An excellent example is the almost 11% increase found in a 
study by Hakkinen and Komi (1985) in which the only exercise used was the squat.  In 
subjects with low or moderate levels of strength, volume and intensity of squat exercises 
does not significantly affect the degree of improvement in vertical jump (Baker, 1996).  
Compared to lifters with less strength, elite strength lifters do not tend to significantly 
improve their vertical jumping performance.  Thus, this increase in vertical jump with 
strength training seems to be more due to the neuromuscular learning process than to the 
degree of strength gain (Baker, 1996; Cronin, et al., 2002).  
Maximizing Mechanical Power Output 
Lately, by moving from heavier to lighter loads, weight training protocols have been 
modified to incorporate more explosive, dynamic movements aimed towards power 
development (Fatouros et al., 2000).  Dynamic movements facilitate a more prominent 
stretch reflex and efficient neuromuscular system resulting in a greater transfer of power to 
9biomechanically similar movements (Adams et al., 1992).  Originally, strength professionals 
debated the use of different workloads for developing power.  The Eastern school of thought 
was that lighter loads (less than 50% 1RM) were superior for power development while 
Western researchers ascertained that the use of heavier loads (between 50 and 70% 1RM) 
were more effective in power development (Cronin & Sleivert, 2005).   
To date there is still much debate as to which load is better (Cronin & Slevivert, 
2005; McBride et al., 2002).  Furthermore, there is even debate as to what is high intensity 
and low intensity.  While most research determines heavy loads to be 80% 1RM and greater, 
some considered loads as low as 50% 1RM as heavy resistance (McBride et al., 2002; Cronin 
et al., 2002).  For the purpose of this experiment, we consider heavy resistance to be loads 
above 80% 1RM and low resistance to be loads below 60% 1RM.  
Power is the product of both force and velocity.  As load increases, muscular force 
increases with a concomitant decrease in velocity of concentric contractions.  This is known 
as the force-velocity relationship (Fleck & Kraemer, 2004; Baechle & Earle, 2000; Cronin & 
Sleivert, 2005).  The goal of training for power is to find the optimum velocity at which the 
optimum amount of work can be done (Adams et al., 1992).  Latest research suggests that 
lighter loads (between 40 and 60% 1RM) offer the optimum compromise between the two for 
maximizing mechanical power output.  An 8 week study found that squat training at 30% 1-
RM resulted in greater results in jump height (19%), peak power (6%) and peak velocity 
(7%) than training at 80% 1RM (McBride et al., 2002).  Heavy loads do not tend to improve 
the maximum rate of force development while loads of 60% 1-RM and less increase the 
ability to develop force (Cronin et al., 2002; Newton, Kraemer, & Hakkinen, 1999).  For 
example, a study by McBride et al. (2002) found the group training at 80% 1RM negatively 
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affected their velocity capabilities, as they significantly increased their times in the 20-meter 
sprint.  Furthermore, by training at the load which generates optimal power output, several 
neuromuscular adaptations may occur which would transfer more readily to explosive sports 
movements such as jumping (Baker et al., 2001).  Some researchers suggest that the load that 
maximizes power output is dependent on training levels of the athlete (Baker, 1996; Baker et 
al., 2001; Cronin et al., 2002).  A study by Baker et al. (2001) found that athletes with less 
experience with power training may tend to respond more to lower loads (about 30-45% 1-
RM) than more experienced athletes who may need to increase their workloads.   
Plyometrics 
The search for better ways to improve vertical jumping performance has lead 
researchers to explore other methods of training, such as plyometrics.  Although plyometrics 
have only been around for about 20 years, its positive effects on power development and 
vertical jumping have been well documented (Cronin & Sleivert, 2005).  One study found an 
increase in vertical jump height of 6 cm after 12 weeks of plyometric training (Fatorous et 
al., 2000).  Another study found an increase in vertical jump of 3.81 cm after just 7 weeks 
(Adams et al., 1992).  Another study by Leubbers et al., (2003) found an increase in both 
jump height (2 cm) and peak power (230 Watts).  For athletes whose sports require 
explosiveness and vertical jumping ability, plyometrics have become the standard (Fatouros 
et al., 2000).  Plyometrics are exercises characterized by a rapid deceleration (pre-stretch) of 
the body followed immediately by rapid acceleration of the body in the opposite direction; 
they are fast, powerful movements that involve the use of the stretch-shortening cycle (SSC).  
They evoke the elastic properties of the muscle fiber and tendon (referred to as the series 
elastic component) to store energy (referred to as elastic energy) during the eccentric 
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contraction of the muscle, so that it can be transferred into the concentric contraction of the 
muscle resulting in a more forceful contraction; known as the stretch reflex (Fatouros et al., 
2000). 
Some research has suggested that use of this “elastic energy” seems unable to explain 
the increased jump performance when a countermovement is performed before a concentric 
jump (Bobbert et al., 1996).  Bobbert believes that the enhanced performance is due to the 
countermovement allowing more time for the muscles to build up higher levels of “active 
state” (the fraction of actin binding sites available for cross-bridge formation) and force 
before the start of the concentric contraction.  This would allow more work to be produced 
over the initial concentric contraction. Most recently, research shows specifically, that the hip 
extensors have more time to produce force and work during muscle shortening, which was 
reflected in higher vertical ground reaction forces (Bobbert et al., 2005). 
Muscle spindles, proprioceptors embedded within the muscle fibers, monitor the 
fiber’s length (Fleck & Kraemer, 2004).  If the muscle is stretched, the spindles will also 
stretch and send a signal to the spinal cord to produce a reflex.  The alpha motor neurons 
activate the stretched muscle and its agonists to contract, relieving the stretched spindle.  The 
faster the muscle is stretched, the greater the force produced, and the more powerful the 
movement (Luebbers et al., 2003). If the time between the stretch and the concentric 
contraction is too long, the stored energy will dissipate as heat (Baker, 1996; Fatouros et al., 
2000). While variations of plyometrics have included hops, bounds, and jumps, a true 
plyometric exercise must consist of a rapid pre-stretch followed by maximal contraction of 
the muscle (such as found with depth jumps and box jumps).  In fact, research has shown that 
if a vertical leap is not preceded by a countermovement (a pre-stretch), plyometric training 
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yields little significant results (Leubbers et al., 2003; Bobbert & Casius, 2005).  Some 
researchers speculate that this may be because plyometric training does not significantly 
increase leg power but actually enhances the athlete’s ability to coordinate the neural 
coordination of the SSC movement more effectively (Bobbert & Casius, 2005; Bobbert et al., 
1996).  Intramuscular coordination is the ability to maximize recruitment, firing frequency, 
and synchronization and minimize inhibition within a specific muscle.  By exposing the 
muscle to forceful loads, the sensitivity of the inhibitory proprioceptors Golgi tendon organs 
may be reduced by dis-inhibition resulting in increased force production (Cronin et al., 
2002). 
Plyometrics has been shown to be more effective than resistance training at 
improving vertical jump performance (Leubbers et al., 2003; Newton et al., 1999).  Fatorous 
et al. (2000) found greater increases in jump height and power in plyometric training groups 
than resistance training groups.  Adams et al. (1992) also found a larger increase in vertical 
jump with plyometric training than resistance training (3.8 to 3.3 cm, respectively) after just 
6 weeks.  Beyond the enhanced stretch reflex mechanism, another possible reason why 
plyometrics are more effective may be due to the deceleration seen during the concentric 
contraction with traditional resistance exercise (Cronin & Sleivert, 2005).  As the athlete’s 
velocity of contraction slows, the movement becomes less specific to the sport and the power 
less transferable.  Therefore, the question is, how do we maintain sport specific velocity 
without compromising too much on maximum force development.   Recent research suggests 
that the utilization of loads that maximize power output (60% 1RM) in combination with 
sport specific motion (plyometrics) in training may be most effective for improving lower 
body power (Cronin et al., 2002; Baker et al., 2001). 
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Combination Training 
 Throughout sport science literature, combination training has typically referred to the 
combination of resistance and plyometric training.  Studies have consistently found that 
while both resistance and plyometric training alone may potentially increase power output in 
the form of the vertical jump, the combination of the two yields the most beneficial results 
(Adams et al., 1992; Ebben & Watts, 1998; Fatouros et al., 2000; Kotzamanidis et al., 2005).  
A study by Tricoli et al., (2005) found that combination training improved subject’s 
countermovement vertical jump more than those who performed just plyometrics (6.6% to 
5.7%, respectively).  Moreover, only the combination group improved in the squat jump 
(9.5%).  Another study found that those who performed combination training improved their 
squat jump, countermovement jump, and 30 meter dash times significantly better than groups 
that trained for strength alone (Kotzamanidis et al., 2005). As plyometrics are considered the 
bridge to explosive movements, its combination with resistance training optimizes power 
production (Tricoli et al., 2005).  Researchers agree that improvements are due to improved 
neuromuscular adaptations and coordination (Cronin, et al., 2002; Bobbert et al., 1996).  By 
enhancing contractile and stretch reflex properties, combination training is believed to 
enhance both muscular strength and the velocity of movement on the specific task 
simultaneously (Kotzamanidis et al., 2005; Baker, 1996).         
Within combination training, there are a variety of combinations of design variables. 
Originally, combination training programs encompassed resistance training and plyometric 
training administered on separate days (Ebben & Watts, 1998).  This is usually referred to as 
“compound training” (Fleck & Kraemer, 2004).  However, some studies have in fact 
performed the exercises on the same day with several hours between plyometrics and 
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resistance (Fatouros et al., 2000).  This is usually not considered advantageous however as it 
makes it difficult to ensure adequate recovery and energy restoration of the muscle (Baechle 
& Earle, 2000).  Another design of compound training involves combining upper body 
resistance with lower body plyometrics and vice versa (Baechle & Earle, 2000).  With this 
program, upper and lower body regions take turns alternating between high and low 
intensities.  With this design, a potential problem would be that an athlete would only 
perform high intensity plyometric training once every two weeks.  Another design includes 
the performance of plyometric training the day after resistance training.  However, the 
obvious criticism of this design is the lack of lower body rest and risk of overtraining (Ebben 
& Watts, 1998).  Regardless of the design of the combination training program chosen, 
strength coaches usually recommend that the introduction of plyometrics into the program 
should come after the resistance program and a base strength have already been established.  
Complex Training 
 Complex training is a form of combination training in which a resistance exercise is 
followed by a biomechanically similar plyometric exercise; such as following the squat with 
a depth jump.  Studies have shown that complex training can improve power development up 
to three times more than traditional training methods (Adams et al., 1992; Young, Jenner, and 
Griffiths, 1998).  In a seven week study by Adams et al. (1992), complex training resulted in 
improvements in vertical jump of 10.7 cm, compared to that of resistance training (3.3 cm) 
and plyometric training (3.8) alone.  Another study using volleyball players found that while 
resistance training yielded no significant gains in vertical jump, complex training produced 
gains in standing vertical leap (5.9%) and vertical leap from a 3 step approach (6.3%) 
(Newton et al., 1999).  
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At this time, few studies have compared complex and compound training programs 
against one another.  The first study to do so was done by Verhoshanski and Tatyan (1986) 
and found 14 weeks of complex training to be superior in developing leg power.  A more 
recent study found no significant difference between the two in vertical jump or power 
production after 7 weeks of training (Burger, 1999).  Complex training has been 
recommended for a variety of team sports including volleyball.  In addition to its impressive 
development of power, there are also organizational advantages with complex training.  It 
saves training time and provides athletes with a variety in their training stimulus.  For elite 
athletes who are experiencing ceiling effects, it may allow for continued neural adaptations 
(Jones & Lees, 2003).    
A clear need for set standards exists in complex training studies, according to the 
current literature.  Similar to other training methods, not all complex training protocols are 
the same.  Some are designed to alternate between every set while others alternate after the 
completion of that exercise (Ebben & Watts, 1998).  In addition, the term “complex training” 
is not always used in the same sense.  If often gets confused with general combination 
training or with training techniques involving several different exercises with no rest, such as 
super-setting.  There is no universal definition for complex training.  Another problem with 
the existing literature is that most studies fail to describe how weight training and plyometric 
training are combined; there is a strong need for studies that examine exercise order and time 
of rest between exercises.  Many studies simply state that the subjects performed both 
resistance and plyometric training.  Yet they do not specify what exercises where done in 
which order nor do they state the amount of time given for rest between exercises or sets.  
Without this necessary information, duplicating the studies becomes impossible.  Studies also 
16
need to quantify and equate the total training volumes so that they can be compared (Ebben 
& Watts, 1998).   
Researchers believe that the improved performance produced by complex training 
comes from an enhanced neural stimulation brought about by the resistance exercise (Ebben 
& Watts, 1998).  However, a study by Jones and Lees (2003) looking at EMG activity found 
no significant difference in muscle activity when jumps were preceded by heavy resistance 
exercise.  The study did however have low power and showed tendencies toward higher 
activity and power results in the complex group.  Another study by Masamoto et al. (2003) 
found an equal but opposite reaction in that performing plyometrics before resistance 
exercise improved 1RM squat performance by a mean of 5 kg’s.  High intensity resistance 
exercises brings about motor neuron excitation and reflex potentiation which creates optimal 
training conditions for the subsequent plyometric exercise (Masamoto et al., 2003).  More 
over, the fatigue which occurs with the resistance exercise may theoretically force more 
motor units to be recruited during the plyometric exercise, which would further improve the 
training response.       
There are a growing number of studies which have investigated this enhanced neural 
stimulation in the acute setting (Young et al, 1998; Gourgalis et al., 2003; Masamoto et al., 
2003).  Similar to complex training, the use of heavy and light resistance to train a muscle 
group in a single workout session is referred to as contrast loading.  A study by Young et al. 
(1998) found that vertical jump with a countermovement increased by 2.8% when preceded 
by squats at a 5 repetition maximum.  To best explain this phenomenon, one researcher, Dr. 
Verhoshansky, described it as picking up a half full glass that is believed to be full 
(Verhoshanski & Tatyan, 1983).  Due to the excitation within the CNS, muscles respond 
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much more than needed resulting in the water flying into the air.  By lifting a light weight 
after a heavy weight you fool the body into remembering the heavy weight and you obtain a 
higher amount of velocity and power.  As such it is believed that the advantages of complex 
training stem from performing plyometrics after weight training, thus taking advantage of 
this enhanced neuromuscular excitation.  
Summary 
 The principle thought that has ignited this study is derived from the findings of two 
separate areas of power development.  From training studies, research has shown that while 
both resistance training and plyometric training have positive affects on power development, 
the combination of the two into a single program produces much greater results.  And while 
there are many studies which compare either resistance or plyometric training individually to 
combination training, there are very few studies which compare different types of 
combination training designs against one another.  The other findings, from studies in the 
acute setting, have shown that vertical leaps (reflective of lower body power) increase when 
preceded by a high intensity resistance exercise.  Thus, the question arises, would a 
combination training program which precedes its plyometric exercise with high intensity 
resistance exercise produce greater gains in vertical leap than a combination training group 
that does not?
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CHAPTER III 
 
METHODOLOGY 
 
Subjects 
 The subjects in this study were volunteers from the Men’s and Women’s Club 
Volleyball teams at The University of North Carolina Chapel Hill.  11 Males and 20 Females 
from the ages of 18-27 were divided into two groups by matching pairs, based on gender and 
pre-testing vertical leap scores.  The groups consisted of a complex training group and a 
compound training group.  These subjects were asked to volunteer for the study after the 
investigator informed them of their expectations.  They were required to give written 
informed consent and to complete a medical history questionnaire prior to any participation.  
The study was approved by the University of North Carolina’s Behavioral Review Board. 
Instrumentation 
 Vertical ground reaction forces (VGRF) were measured using a 0.6 m x 0.4 m Bertec 
4060-08 piezoelectric force sensor platform (Bertec Corp.; Columbus, OH, U.S.A.) and a 
Vertec measuring device (Sports Imports, Columbus, OH, U.S.A.). The Bertec force platform 
was interfaced with a personal desktop computer via a 12-bit, 64-channel analog to digital 
(A/D) interface unit (Peak Performance Technologies, Inc.; Englewood, CO, U.S.A.). All 
data was recorded using the Peak Motus 3D Motion Analysis System Software Version  
5.1 (Peak Performance Technologies, Inc.; Englewood, CO, U.S.A.). Force platform data 
was collected at a sampling frequency of 1000 Hz. 
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Data collected from the force platform (impulse) and Vertec (jump height) was 
filtered and reduced by a custom Matlab computer program (Matlab 7; The Mathworks, Inc.; 
Natick, MA).  Vertical leap (cm) and Power (W) were computed using standard equations 
(Canavan and Vescovi, 2004): 
2
2
m
s
Impulse due to movement  in meters/sec
mass of subject
(velocity)Jump height (in meters) =   where g = 9.81
2*
Power = [(61.9*(height in centimeters)) + (36*mass) - 1822]
velocity
g
=
Procedures 
Recruitment Process 
 The principle investigator (PI) approached the men’s and women’s club volleyball 
teams as a whole during their practice and asked for volunteers in person.  The PI informed 
them of benefits and risks associated with participation. 
Pre-Assessment  
Subjects were asked to complete a medical history questionnaire commonly used in 
previous exercise studies and an informed consent form created by the Principle Investigator 
prior to any activity. 
Inclusion/Exclusion Criteria 
All of this information was obtained at screening: 
1. Subjects must have currently been participating in volleyball at least twice a week. 
2. Subjects must have been involved in jumping activities over the past 3 month 
3.      Subjects should not have been in this study if they: 
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• Had sustained a lower extremity injury in the past 3 months that prevented them 
from participating in their sport. 
• Currently competed as a power lifter. 
• Were unable to squat to 90 degrees of knee flexion. 
• Were not comfortable with jumping from a height of 30 cm.
• Were deemed at risk of injury based on answers provided by the medical history 
form.
Vertical Leap Testing Protocol  
All vertical leaps were preceded by a countermovement with an arm swing. From a 
standing position on the platform, subjects quickly performed a countermovement into a 
vertical leap reaching up and striking the highest possible veins of the Vertec and then landed 
back on the platform. All subjects jumped off 2 feet and landed on 2 feet. First, subjects 
performed three warm up vertical leaps at submaximal effort off the platform (Leubbers et 
al., 2003).  Subjects then performed 3 vertical leaps (3 minute rest between each jump) on the 
force platform with the peak performances being recorded for that session (Burkett et al. 
2005, Leubbers et al., 2003).  
Pre-Training Testing Procedures 
 The week prior to training, subjects came to the Sports Medicine Research 
Laboratory and performed their pre-training testing using the force platform and Vertec and 
then had their 1RM for squat estimated using a 10 RM protocol.  This initial week, between 
the warm up and recorded leaps, they were asked to perform three maximal “practice” leaps 
to become comfortable using the equipment. Once completed, the subject rested for 3 
minutes and then began testing.  On a separate day following the vertical jump testing, 
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subjects had their 1RM for the squat estimated based on a 10 repetition test following ACSM 
Guidelines (Fleck & Kraemer, 2004).  This 1RM was used to prescribe the appropriate 
resistance administered during the training protocol. 
Ten Repetition Squat Testing 
 During the squat test, subjects performed a light warm up of 5 to 10 repetitions at 40 
to 60% of perceived maximum. This perceived maximum was a best estimate on the part of 
the subject based on previous training history.  Subjects then rested 1 minute with light 
stretching followed by performing 10 repetitions at 60 to 80% of perceived maximum. 
Again, subjects rested but now for 2 minutes after which they performed an additional 10 
repetitions at a near maximal effort. After 2 to 4 minutes of rest, they attempted their 10RM 
at a carefully selected weight based on the perceived level of difficulty with the last set 
determined by them and the investigator. If successful subjects increased weight slightly, if 
unsuccessful, subjects decreased weight slightly and perform one last set of 10 repetitions 
after 2 to 4 minutes of additional rest. 
Training Group Assignment 
 From the results of the pre-training vertical leap assessment, subjects were matched 
with the subject of the same gender who had the most similar vertical jump scores and then 
each was assigned to one of the two groups.  If more than two subjects shared the same 
vertical leap, then strength/weight ratios were compared based on their estimated 1RM. 
Training Program 
Training for the complex and compound groups began the following week.  In agreement 
with other studies, resistance exercise included the squat, the lunge, and the dead-lift for both 
groups (Fatouros et al., 2000; Ebben & Watts, 1998; Simenz, Dugan, & Ebben, 2005).  
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According to existing literature, the intensity for all exercises was optimal for the 
development of power as subjects performed 6 reps at 60% 1RM (Cronin et al., 2002; Baker 
et al., 2001).  Plyometric activities included depth jumps, split squat jumps, and double leg 
bounds with 6 reps for all exercises (Fatouros et al., 2000; Ebben & Watts, 1998; Adams et 
al, 1992).  Subjects were informed to perform both resistance and plyometric activity as 
“explosively” as possible with high speed contractions.  All resistance exercises were 
performed using free weights. The Sets/Reps Protocol was based on previous research 
(Newton et al., 1999; Tricoli et al., 2005).  
Table 1. Training protocols for complex and compound groups; R = resistance  P = plyometric 
Day One (Tuesdays) Day Two (Thursdays) 
Complex Group 
1. Squat (3x6)  R
2. Depth Jump (3x6)  P
3. Single Leg Lunge (3x6)  R
4. Split Squat Jump (3x6)  P
5. Deadlift (3x6)  R
6. Double Leg Bounds (3x6)  P
1.   Squat (3x6)  R
2.   Depth Jump (3x6)  P
3. Single Leg Lunge (3x6)  R
4. Split Squat Jump (3x6)  P
5. Deadlift (3x6)  R
6. Double Leg Bounds (3x6)P
Compound Training
1. Squat (3x6)  R
2. Single Leg Lunge (3x6)  R
3. Deadlift (3x6)  R
4. Squat (3x6)  R
5. Single Leg Lunge (3x6)  R
6.   Deadlift (3x6)  R
1.   Depth Jumps (3x6)  P
2.   Split Squat Jumps (3x6)  P
3.   Double Leg Bounds (3x6)  P
4. Depth Jumps (3x6)  P
5. Split Squat Jumps (3x6) P
6. Double Leg Bounds (3x6)P
Rest periods between sets lasted 60 seconds, where as rest periods between exercises 
lasted 2 minutes (Fleck & Kraemer, 2004).  Existing literature still debates whether short or 
long rest intervals are most effective.  Rest periods for this study were based on the theory 
that if the goal of exercise is to increase the ability to perform high intensity exercise for 
several seconds, the rest should be less than 1 minute (Fleck & Kraemer, 2004). Training 
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consisted of 2 sessions per week for 4 weeks as 4 to 6 weeks of high intensity training is the 
optimal length of time the CNS can be stressed without causing excessive fatigue (Kent et al, 
1992). If a subject missed a session, it was made up within 24 hours and there was a window 
of 48 hours of rest between the two sessions.  Training sessions took place in the Student 
Recreation Center of Fetzer Gymnasium on the campus of The University of North Carolina 
at Chapel Hill. 
Post-Training Vertical Jump Testing 
The post training tests were conducted the sixth week following vertical testing 
protocol.   
TIMELINE OF PROGRAM DESIGN 
 
Week Day Event
Pre-Training  1   Pre-Training Vertical Leap Assessment 
 2 10 Rep Max Test 
 3 Group Assignment 
 Week 1  9   Train 
 11 Train 
 Week 2  16   Post-Week 1 Vertical Leap Assessment 
 17 Train 
 19 Train 
 Week 3  23   Post-Week 2 Vertical Leap Assessment 
 24 Train 
 26 Train 
 Week 4  30   Post-Week 3 Vertical Leap Assessment 
 31 Train 
 33 Train 
 Post-Training  37   Post-Training Vertical Leap Assessment  
Data Analysis 
In each of two of the testing sessions, two subjects failed to show. Therefore, those 
four data points were imputed based upon their weekly responses of those individuals and the 
mean responses of their respective groups.  For all subjects, descriptive statistics were 
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calculated for age (y), height (inches), weight (kg), Body Mass Index (BMI), vertical leap 
(cm) and power (W).  A 2 x 5 ANOVA was run to compare the data collected from the force 
platform to the data from the Vertec. A 3 Way Mixed Model Analysis of Variance was used 
to find statistical significance between and within the group and time measures, and between 
genders.  If a significant interaction effect was observed, then a Tukey’s post hoc analysis 
was performed to determine at what time during the training significant changes between or 
within the groups occurred.  The independent variables in this study were training group, 
gender, and time, where as the dependent variables were vertical leap height and power. 
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CHAPTER IV 
 
RESULTS 
 
The purpose of this study was to determine if a complex training program is superior 
to a compound training program in producing gains in vertical jump and power production.  
A secondary purpose was to determine whether changes occur at a faster rate for a complex 
training program compared to a compound training.  Thirty one volleyball players 
participated in this study.  Five males and 10 females were assigned to the complex training 
group while 6 males and 10 females were assigned to the compound training group.  All 
subjects were tested the week prior to testing and each week after testing.  Throughout the 
five testing sessions, 2 subjects missed session 4, while 2 subjects missed session 5.  Three of 
those 4 were from the complex training group. 
Subject Characteristics 
The average age for the complex training group was 20.3 + 2.2 (18-27) years, and the 
average age for the compound training group was 20.9 + 2.4 (18-27) years.  The average 
heights for both groups were similar; complex group = 69.5 + 3.6 cm, compound group = 
69.8 + 4.4 cm.  The average body mass for the complex group was 75.1 + 11.4 kilograms 
(kg), while the average mass for the compound group was 73 + 13.3 kg.  The average body 
mass index (BMI) for both groups were also similar; complex group = 23.99 + 2.17 
kilograms per meter squared (kg/m2), compound group = 23.22 + 3.23 kg/m2.
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Vertec Device vs. Bertec Force Platform 
ANOVAs were run to compare the estimated vertical jump and power output 
measured by the Bertec force plate produced data and Vertec measuring device.  All results 
for vertical jump height and power production collected from the Bertec force plate were 
found to be significantly lower than for the Vertec (F1,26 = 282.1; p < 0.0001).  The Bertec 
was consistently 0.17-0.19 m (38-42%) less in vertical jump height and ~1100 watts (~30%) 
lower power output.  Therefore, all results given are based on the data produced by using the 
Vertec measuring device.   
Vertical Jump  
Vertical jump were significantly higher for males in both groups (F1,27 = 51.45, p < 
0.0001) as males in the complex group averaged vertical jumps 24.8% higher than their 
female counterparts, while males in the compound group averaged vertical jumps 22.3% 
higher than their female counterparts.  There was however, no significant difference in the 
rate at which improvements occurred between genders (F4,108 = 0.44, p > 0.05). 
 Results of a 3–way mixed model ANOVA (group x sex x time) revealed that both the 
complex and the compound training groups significantly improved their vertical jumps over 
the training period by ~ 4 cm (F4,108 = 20.91, p < 0.0001) (see Figure 1).  Tukey Post Hoc 
testing revealed significant differences from the pre-training session by the post-week 3 and 
post-training testing sessions.  It also revealed a significant difference between the post-week 
3 testing session and the post-training testing session.  The complex training group increased 
their mean vertical jump from 48.2 + 8.6 cm to 50.9 + 9.3 cm (~5.4%), while the compound 
training group increased vertical jump from 47.78 +7.96 to 52.55 + 8.35 cm (~9.1%).  There 
was however, no significant difference between the two groups (F1,27 = 0.03, p > 0.05), nor 
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was there a significant difference in the rates at which the two groups improved over the 
course of the study (F4,108 = 0.62, p > 0.05).  
Figure 1. The mean (+SD) vertical jump height (cm) of the complex and compound 
training groups before, during, and after 4 weeks of training.   
* p<0.05 change from pre-training 
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Power outputs were significantly higher for the males in both groups (F1,28 = 81.69, p
< 0.0001) as males in the complex group averaged outputs 31.4% higher than the females, 
while males in the compound group averaged outputs 26.4% higher than the females.  There 
was however, no significant difference in the rate at which improvements occurred between 
genders (F4,112 = 0.18, p > 0.05). 
Results of the 3-way mixed model ANOVA revealed that both the complex and the 
compound training groups significantly improved power output approximately 5-7% over the 
* *
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training period (F4,112 = 21.40, p < 0.0001).  Tukey Post Hoc testing revealed a significant 
difference in the post-week 3 and post-training sessions from the pre-training session.  It also 
revealed a significant difference between the post-week 3 session and the post-training 
session.  The complex training group increased mean power output from 3865+ 874 to 4060 
+ 896 W (~4.8%).  The compound training group increased mean power output from 3765 +
770 to 4072 + 738 W (~7.5%) (Figure 2).  Again, there was no significant difference between 
the two training groups (F1,28 = 0.55, p > 0.05), nor did either group improve power output at 
a faster rate than the other (F4,112 = 1.17, p > 0.05).   
Figure 2.  The mean (+SD) power output (W) of the complex and compound training 
groups before, during, and after 4 weeks of training.   
* p<0.05 change from baseline 
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CHAPTER V 
 
DISCUSSION 
 
The results of this study demonstrated that four weeks of complex and compound 
training, as part of a competitive volleyball training regimen, result in significant 
improvements in vertical jump and power output.  However, this study was unable to 
demonstrate a significant difference in gains for vertical jump or power output over the four 
weeks, between the two combination training programs.  In addition, this study also found no 
significant difference in the rate at which gains were achieved with the two training 
programs.  Both groups showed significant improvements after the 3rd and 4th weeks of 
training.  Finally, the study also supports the findings that power for males tends to be about 
30% higher than that of their female counterparts (Johnson & Bahamonde, 1996; Larson, 
Mynark, Hackeny & Rubin, 2003).   
Vertical Jump and Power Production 
 Power measures recorded for this study are directly proportional to vertical jump 
measures.  Power is equated using vertical jump height and mass therefore any change in 
jump height will be accompanied by a proportionate change in power.  This study measured 
both vertical jump height and power for the purpose of comparing to other studies. The major 
finding of this study was that four weeks of both complex and compound training 
significantly improved vertical jump and power production.  In the present study, the 
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complex training group improved vertical jump and power production by 5% while the 
compound training group improved vertical jump by 9% and power production by 8%.  
These results support the majority of existing literature.  For example, an 8-week study on 
NCAA Division I volleyball players found combination training improved vertical jump by 
5.9% and peak power by 8% (Newton et al., 1999).  Two other studies of 8 and 9 weeks 
duration, found that combination training improved vertical jump by 6% (Tricoli et al., 2005; 
Kotzamanidis et al., 2005).  In contrast, another 8 week study found an 18% increase in 
power production with combination training (Blakey & Southard, 1987).  Finally, a 12-week 
study by Fatorous et al. (2000) found combination training improved vertical jump by 13% 
and power production by 28%.  In this design however, resistance exercises were performed 
2 hours after plyometric exercises.  Also, the study was three times the length of the present 
study.   
 Another significant finding in this study was that complex and compound training 
improved vertical jump and power production similarly.  This finding is both supported and 
refuted by the few research articles available.  In comparison, a 7-week study also found no 
significant differences in vertical leap or power production between complex and compound 
training programs (Burger, 1999).  However, this study compared forms of complex and 
compound training that were slightly different from the designs used in this study.  In this 
study, complex training consisted of alternating between resistance and plyometric exercises 
within each individual set, while compound training consisted of performing plyometric 
exercises after all resistance exercises had been completed.  In contrast, one of the first 
studies to compare complex and compound training programs found 14 weeks of complex 
training to be superior to compound training in developing leg power (Verhoshansky & 
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Tatyan, 1983).  Their study compared two forms of compound training, one in which 
plyometrics were performed before resistance exercises and one in which they were 
performed after resistance exercises, to complex training.  However, no numerical data was 
given for this study and no interim measures (e.g. 4 wk, 8 wk) were reported; thus, 
comparisons are difficult.   
The suddenly developing increase in both vertical jump and power from week 3 to 4 
in this study, along with the fact that the initial 10-12 weeks of a training program typically 
produce considerable gains, suggest that had this study gone on in duration, vertical jump and 
power would have continued to improve significantly (Adams et al., 1992; Blakey and 
Southard, 1987; Ebbens and Watts, 1998; Fatorous et al., 2000).  In fact, had this study been 
longer in duration, results of the studies mentioned above suggest that training differences 
between the two groups may have appeared.  It is interesting to note that in both the 4 and 7 
week studies, neither training group was found to be significant.  However, in the 14 week 
study, complex training was indeed found to be superior.  As stated earlier, the improved 
muscular power produced with complex training is believed to be due to an enhanced 
neuromuscular environment.  Perhaps this neuromuscular enhancement proves more valuable 
during the muscular adaptation stages of training.  It may be that the additional 
neuromuscular enhancement that is believed to accompany the design of complex training 
doesn’t influence training adaptations during the initial 4-6 weeks of a training program as 
significantly as does the typical neuromuscular adaptation response found in the beginning of 
training.  Perhaps this neuromuscular enhancement only becomes a significant factor once 
the dramatic neuromuscular training responses slow down and adaptations become more 
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muscular in nature.  Due to the constraints of the academic calendar however, this study was 
not able to look at responses to training beyond the initial 4 weeks of training.   
The secondary focus of this study was to determine if complex training improved 
vertical jump and power at a faster rate than compound training. While this study did not 
measure electrical muscle activity and thus cannot provide supporting evidence that the 
theory is true, complex training is considered to have neuromuscular advantages as it 
theoretically stimulates the muscles to produce optimum power (Ebben & Watts, 1998).  
Specifically, high intensity resistance exercises brings about motor neuron excitation and 
reflex potentiation, thus creating optimal training conditions for the subsequent plyometric 
exercise (Masamoto et al., 2003).  In this study however, no differences were noted.  
However, both methods showed significant improvements in vertical jump and power 
production after just three weeks of training and continued as the fourth week was 
significantly greater than the third.  The suddenly developing increase in both vertical jump 
and power from week 3 to 4 in this study, along with existing literature which shows sharp 
training improvements during the initial 8-12 weeks, suggests that had this study gone on in 
duration, vertical jump and power would have continued to improve significantly (Blakey & 
Southard, 1987; Faorous et al., 2000; Ebben & Watts, 1998; Adams et al., 1992).  While 
most literature agrees that four weeks is enough time to see training responses, few training 
studies actually measure the responses on a weekly basis making it difficult to determine the 
exact rate of improvements (Baechle & Earle, 2000; Fleck & Kraemer, 2004; Adams et al., 
1992; Leubbers et al., 2003; Deschenes & Kraemer, 2002).  Thus, this study identified the 
specific rate at which coaches and athletes can expect to see improvements as three weeks of 
training. 
33
The results of this study also showed that the males had significantly higher absolute 
vertical jumps and power production than the females, regardless of training group.  Studies 
have consistently found that women are capable of producing roughly two-thirds as much 
absolute power as men (Johnson et al., 1996; Larson et al., 2003).   This seems to be 
confirmed as power production for the males were 26-31% higher than the females.  
Important to note however, that while males produce significantly more power, both genders 
responded equally to training.  Similarly, Jenson and Ebben’s (2003) study also found no 
significant difference in vertical or power gains between genders following complex training.  
Thus, complex and compound training appears to influence both genders similarly.    
Vertec vs. Force Platform for Measuring Vertical Jump and Power 
The original intention to record all jump data using a Bertec force platform; however, 
results from the force platform data were found to be unreliable.  For all jumps recorded, data 
produced from the Bertec force platform was significantly lower by 30-42% than that 
received from the Vertec measuring device.  Moreover, the platform would occasionally 
produce data which was simply not plausible.  Provided that the Vertec data was a direct 
measure of the actual jump itself and not a prediction as determined from the Bertec force 
platform, it was decided to disregard any data produced from the force platform.  Therefore, 
the data collected for this study was the data taken using a Vertec measuring device.   
Limitations Affecting the Study 
Throughout the study, subjects continued to complain of restrictions in their jumping 
performances due to the constraints of the force platform combined with the Vertec.  Having 
to jump straight up and down altered the natural jumping style of the athletes who usually 
land 6-8 inches in front of the take off spot.  This most likely influenced the absolute results 
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of the study by inhibiting some subjects from achieving their true maximal verticals. In 
addition, this could have influenced the results of the study as subjects could have developed 
a learning curve and adjusted to the restraints of the test throughout the 5 testing sessions.  
Another concern was that the subjects did not thoroughly warm up enough before testing 
sessions.  Three maximal jumps may not have been enough to excite all the muscles to 
perform at peak levels.  Data which supports this may be in the fact that session 2 jumps 
were considerably lower than the first session.  While in the other sessions, subjects only 
performed 3 warm up jumps prior to testing, in week 1 subjects also performed 3 practice 
jumps prior to testing to become comfortable with the testing apparatus.  These extra three 
jumps may have provided an additional warm up period to the subjects, which was not 
present in the following weeks.   Another concern was that some of the subjects were less 
experienced than other subjects with weight lifting techniques.  This could create a problem 
if the less experienced subjects dedicated any portion of the four week program to 
concentrating on proper form rather than proper intensity.  If a subject needed an additional 
week to correct their technique, then they now only have 3 weeks of training at the 
appropriate intensity.  Finally, while 4 weeks proved to be sufficient to produce significant 
increases in both vertical jump and power, a study which lasted an additional 6 to 8 weeks 
would have most likely produced even greater results.   
Conclusion 
None of the hypotheses were supported by the results.  The hypothesis that complex 
training would result in greater gains then compound training was not supported because 
gains were similar for both complex and compound training.  The hypothesis that complex 
training would result in greater lower body power gains was also not supported, because 
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gains in power output were similar between the two training programs.  In addition, the 
hypothesis that complex training would result in faster gains in vertical jump was not 
supported as both groups increased in similar fashions.  Similarly, the hypothesis that 
complex training would result in faster gains in power output was also not supported.  Both 
training programs resulted in significant gains in vertical jump and power by the third week 
of training.  Moreover, vertical jump and power production following the final week of 
training (4th week) was significantly greater than the week before (3rd week).    
The most important finding in this study is that 4 weeks of complex and compound 
training can significantly increase volleyball player’s vertical jump and power output.  This is 
important for coaches who only have a brief period of time to train their athletes before 
competition, such as in high school sports.  Because both training programs yield similar 
results, coaches can choose the design which best suits their schedule or available resources.    
Recommendations for Future Studies 
 Future studies which look at vertical jump or power (which is an estimate based on 
vertical jump performance) should consider ensuring the environment which the subjects test 
in is conducive to their testing performance.  To enhance data validity, collection should take 
place on a hardwood court and should not constrain the subject’s natural jumping style (as 
the force platform seemed to do).  From a practical perspective, the use of the Vertec may 
produce more consistent results and the use of a force plate may not be needed. In addition, 
practice jumps to become comfortable with the testing equipment should be performed on a 
separate day before recorded testing begins.  This will help guarantee consistent warm up 
protocols.  Subjects may also benefit from a longer warm up, perhaps one which incorporates 
more sport specific movements.  Perhaps the strongest suggestion is that since 4 weeks of 
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training was unable to determine significant differences between the two groups, future 
studies should increase the duration to see if differences occur as the nature of training 
adaptations move from neurological to more of a muscular enhancement.  
There are a variety of complex training designs.  Future studies should manipulate 
these designs to see if one type of complex training is more effective than another.  An 
example would be comparing complex training in which subjects alternate between 
resistance and plyometric exercises after each exercise, such as in this study, with a complex 
training program in which subjects alternate between resistance and plyometric exercises 
after each set.  Another idea is to compare complex and compound training programs 
typically used in the strength and conditioning field that have not been equated for workload.  
Finally, many more studies need to be conducted in which variables are accurately controlled 
and manipulated so that the most effective design can be found for a specific population.  
Once this is accomplished, combination studies should be compared to other types of vertical 
jump training techniques which have been found to be effective such as aquatic or weighted-
vest plyometrics.
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University of North Carolina-Chapel Hill 
Consent to Participate in a Research Study  
Adult Participants  
Social Behavioral Form 
________________________________________________________________________ 
 
IRB Study #_____________________ 
Consent Form Version Date: ______________
Title of Study: A comparison of 4 week complex and compound training programs on 
lower body power development in college aged club volleyball players.  
Principal Investigator: Jeremiah Libby 
UNC-Chapel Hill Department: EXSS 
UNC-Chapel Hill Phone number: 919-962-2022 
Email Address: Lib3stc@hotmail.com 
Co-Investigators: 
Faculty Advisor:  Dr. Robert McMurray 
Funding Source:  
Study Contact telephone number: 919-818-4441 
Study Contact email:  Lib3stc@hotmail.com 
_________________________________________________________________ 
 
What are some general things you should know about research studies?
You are being asked to take part in a research study. To join the study is voluntary.  
You may refuse to join, or you may withdraw your consent to be in the study, for any 
reason, without penalty.  
 
Research studies are designed to obtain new knowledge. This new information may help 
people in the future.   You may not receive any direct benefit from being in the research 
study. There also may be risks to being in research studies. 
 
Details about this study are discussed below.  It is important that you understand this 
information so that you can make an informed choice about being in this research study.   
You will be given a copy of this consent form.  You should ask the researchers named 
above, or staff members who may assist them, any questions you have about this study at 
any time. 
 
What is the purpose of this study?
The purpose of this research study is to determine whether there are differences in lower 
body power production between complex and compound training programs on club 
volleyball players. 
 
42
You are being asked to be in the study because lower body power is a key component to the 
success of volleyball players and due to the nature of your sport, would be most benefited 
from the results of the study.   
 
Are there any reasons you should not be in this study?
You should not be in this study if you: 
• Have sustained a lower extremity injury in the past 3 months that has prevented you 
from participating in your sport. 
• Currently compete as a power lifter. 
• Are unable to squat to 90 degrees of knee flexion (thigh parallel to the floor). 
• Are not comfortable with jumping from a height of 30 cm. 
 
How many people will take part in this study?
If you decide to be in this study, you will be one of approximately 30 people in this research 
study. 
 
How long will your part in this study last?
You will be required to participate for a total of six weeks. In week one, you will come in 
for about 30 minutes to perform a vertical leap. Two days later, you will have your 1 
repetition maximum for squat assessed (approx. 15 min). The following four weeks, you 
will train twice a week (approx. 30 min each session) and retest your vertical leap (approx. 
20 min) on a separate day. The sixth week you will come to the lab to do one more vertical 
leap test (approx. 20 min). 
What will happen if you take part in the study?
During the course of this study, the following will occur: 
In a pre-screening conversation, we will determine your eligibility to participate in the study.  
If you meet the qualification criteria, you will be asked to fill out a form of consent. You 
will then come in to the Sports Medicine Research Laboratory dressed appropriately for 
athletics with several other participants and have your vertical leap measured on a force 
plate. During the sessions, jumping procedures will be explained to you and you will be free 
to ask any questions you have at any time. All vertical leap testing sessions will begin with 
three submaximal vertical leaps as a warm up.  
 During the initial testing session in week one, you will be asked to perform several 
“practice” jumps to become comfortable with the apparatus. Once testing begins, you will 
perform three maximal countermovement vertical leaps. You will rest 3 minutes between 
each leap while other participants perform their leaps.  
Also, two days after your vertical leap, you will have your 1 repetition maximum (1RM) for 
the squat assessed at the Student Recreation Center.  Again, you must dress appropriate for 
athletics and will report with several other participants. During the squat test, you will 
perform a light warm up of 5 to 10 repetitions at 40 to 60% of perceived maximum. You 
will then rest 1 minute with light stretching. You will then perform 3 to 5 repetitions at 60 to 
80% of perceived maximum. You will then rest 2 minutes. You will then perform 2 to 3 
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repetitions at a near maximal load. You will then rest 2 to 4 minutes. You will then attempt 
your 1RM at a carefully selected weight determined by you and the investigator. If 
successful you will increase your weight slightly, if unsuccessful, you will decrease your 
weight slightly and perform one last repetition after 2 to 4 minutes of additional rest.  
Based on your initial vertical leap results in week one, you will be paired with another 
participant and randomly assigned to one of two training groups, the complex or the 
compound group. The training protocols for both groups are below. 
 
Table 1. Training Protocols for Complex and Compound Groups 
 Day One  Day Two  
Complex Group 7. Squat (3x6) 
8. Depth Jump (3x6) 
9. Single Leg Lunge 
(3x6) 
10. Split Squat Jump 
(3x6) 
11. Deadlift (3x6) 
12. Double Leg Bounds 
(3x6) 
1.   Squat (3x6) 
2.   Depth Jump (3x6) 
7. Single Leg Lunge 
(3x6) 
8. Split Squat Jump 
(3x6) 
9. Deadlift (3x6) 
10. Double Leg Bounds       
(3x6) 
Compound Training 6. Squat (3x6) 
7. Single Leg Lunge 
(3x6) 
8. Deadlift (3x6) 
9. Squat (3x6) 
10. Single Leg Lunge 
(3x6) 
11. Deadlift (3x6) 
1.   Depth Jumps (3x6) 
2.   Split Squat Jumps       
(3x6) 
3.  Double Leg Bounds    
(3x6) 
4. Depth Jumps (3x6) 
5. Split Squat Jumps  
(3x6) 
6. Double Leg Bounds 
(3x6)      
All exercises will be demonstrated to you prior to any activity. You will perform all 
resistance exercises at 60% of your 1RM. During all exercise sessions, there will be an 
instructor there to ensure safety and feedback. Weeks 2 through 5, you will come to the 
laboratory at the beginning of each week to have your vertical leap measured. You will then 
train twice a week, allowing 48 hours of recovery between each exercise session. In the sixth 
week, you will come to the laboratory one last time to have your vertical leap measured.  
 
What are the possible benefits from being in this study?
Research is designed to benefit society by gaining new knowledge.  You may not benefit 
personally from being in this research study. 
 
Research is designed to benefit society by gaining new knowledge. You may also expect to 
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benefit by participating in this study by experiencing an increase in your vertical leaping 
ability making you a more powerful volleyball player.  
 
What are the possible risks or discomforts involved from being in this study?
There may be uncommon or previously unknown risks.  You should report any problems to 
the researcher. 
Known discomforts include muscle soreness following workout sessions. This should 
disappear within 48 hours. With any jumping or lifting activity, there is minimal risk of 
injury to lower extremity muscles, ligaments, or tendons. We will attempt to avoid this by 
giving you thorough instructions on proper technique during exercise and testing as well as 
adequate rest and recovery time between sets and sessions. At the completion of each 
session, stretching will be encouraged to help reduce the risk of muscle soreness. 
 
How will your privacy be protected?
Data will be stored securely in a locked cabinet of the study coordinator and will only be 
made available to persons conducting the study. All information will be coded and your 
identity will be removed from all records. Participants will not be identified in any report or 
publication about this study. Although every effort will be made to keep research records 
private, there may be times when federal or state law requires the disclosure of such records, 
including personal information.  This is very unlikely, but if disclosure is ever required, 
UNC-Chapel Hill will take steps allowable by law to protect the privacy of personal 
information.  In some cases, your information in this research study could be reviewed by 
representatives of the University, research sponsors, or government agencies for purposes 
such as quality control or safety.   
 
What will happen if you are injured by this research?
All research involves a chance that something bad might happen to you.  This may include 
the risk of personal injury. In spite of all safety measures, you might develop an injury from 
being in this study. If such problems occur, the researchers will help you get medical care, 
but any costs for the medical care will be billed to you and/or your insurance company. The 
University of North Carolina at Chapel Hill has not set aside funds to pay you for any such 
reactions or injuries, or for the related medical care. However, by signing this form, you do 
not give up any of your legal rights. Please contact the investigator, Jeremiah Libby, (919) 
818-4441, if you are injured or have any further questions. 
 
Will you receive anything for being in this study?
You will not receive anything for taking part in this study. 
Will it cost you anything to be in this study?
There will be no costs for being in the study 
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What if you are a UNC student?
You may choose not to be in the study or to stop being in the study before it is over at any 
time.  This will not affect your class standing or grades at UNC-Chapel Hill.  You will not 
be offered or receive any special consideration if you take part in this research. 
 
What if you have questions about this study?
You have the right to ask, and have answered, any questions you may have about this 
research. If you have questions, or concerns, you should contact the researchers listed on the 
first page of this form. 
Jeremiah Libby (919) 818-4441 
Dr. Robert McMurray (919) 962-2022 
 
What if you have questions about your rights as a research participant?
All research on human volunteers is reviewed by a committee that works to protect your 
rights and welfare.  If you have questions or concerns about your rights as a research subject 
you may contact, anonymously if you wish, the Institutional Review Board at 919-966-3113 
or by email to IRB_subjects@unc.edu. 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Participant’s Agreement: 
I have read the information provided above.  I have asked all the questions I have at this 
time.  I voluntarily agree to participate in this research study. 
 
_________________________________________   _________________ 
Signature of Research Participant     Date 
 
_________________________________________ 
Printed Name of Research Participant 
 
_________________________________________  _________________ 
Signature of Person Obtaining Consent   Date 
 
_________________________________________ 
Printed Name of Person Obtaining Consent 
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Table 1.  Subject Characteristics for Complex Training Group. 
 
Complex 
Age          
(y) 
Height    
(in) 
Body Mass 
(kg) 
Height    
(m) 
BMI 
(kg/m2)
21 74 81.8 1.8796 23.154
22 75 94.8 1.905 26.123
27 72 99.8 1.8288 29.839
19 72 74 1.8288 22.126
21 75 88 1.905 24.249
19 65 63.8 1.651 23.406
20 67 70.2 1.7018 24.239
21 68 74 1.7272 24.805
19 71 77 1.8034 23.676
20 67 66.2 1.7018 22.858
21 71 69.4 1.8034 21.339
18 67 66.2 1.7018 22.858
19 68 74.2 1.7272 24.872
19 67 60.6 1.7018 20.925
18 64 67 1.6256 25.354
Avg 20.2667 69.5333 75.1333 23.9882
St Dev 2.2 3.56304 11.4479 2.16779
Table 2.  Subject Characteristics for Compound Training Group. 
Compond 
Age          
(y) 
Height   
(in) 
Body Mass 
(kg) 
Height   
(m) 
BMI 
(kg/m2)
22 75 105.4 1.905 29.044
23 77 88.2 1.9558 23.058
22 68 61.6 1.7272 20.649
21 74 80.2 1.8796 22.701
19 75 81 1.905 22.32
19 76 77.2 1.9304 20.717
27 65 73 1.651 26.781
22 67 64.4 1.7018 22.237
18 71 87 1.8034 26.751
18 64 62.4 1.6256 23.613
22 67 68.4 1.7018 23.618
23 69 63.8 1.7526 20.771
21 68 62.6 1.7272 20.984
19 64 77.8 1.6256 29.441
19 69 55.6 1.7526 18.101
20 67 60 1.7018 20.717
Avg 20.9375 69.75 73.0375 23.2189
St Dev 2.35142 4.3589 13.2547 3.23001
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Table 3.  Results Data Spreadsheet from Vertec Measuring Device.  
Vert jp (m); Power (W) 
 
id group sex Vert jp1 power1 Vert jp2 power2 Vert jp3 power3 
1 1 2 0.3683 2840.98 0.3683 2819.38 0.3937 2991.00
2 1 2 0.5842 4206.20 0.5588 4048.97 0.5715 4095.19
3 1 2 0.4445 3701.46 0.3937 3459.00 0.3810 3387.59
4 2 2 0.5207 4201.93 0.5207 4237.93 0.5207 4237.93
5 2 1 0.5715 4494.79 0.6223 4816.44 0.6477 4919.66
6 2 1 0.5842 4710.20 0.5334 4460.55 0.5588 4617.77
7 1 1 0.5969 5040.81 0.5969 5048.01 0.6223 5176.44
8 2 1 0.5334 5274.15 0.5207 5101.93 0.5334 5187.75
9 1 2 0.4064 3364.82 0.4318 3565.24 0.4445 3690.66
10 1 2 0.4826 3663.69 0.4445 3449.46 0.4953 3727.91
11 2 2 0.3810 2854.79 0.3175 2476.13 0.3683 2797.78
12 1 2 0.4445 3312.66 0.4191 3155.43 0.4572 3391.27
13 2 2 0.3937 2868.60 0.3429 2568.55 0.3937 2872.20
14 2 2 0.5207 3561.13 0.5080 3475.32 0.5842 3954.20
15 2 2 0.3556 3511.16 0.3683 3607.78 0.3683 3683.38
16 2 2 0.4318 3313.24 0.4318 3349.24 0.4445 3413.46
17 2 2 0.4191 3400.23 0.4191 3421.83 0.4191 3389.43
18 1 2 0.4064 2875.22 0.4064 2896.82 0.4318 3028.84
19 2 2 0.4826 3166.89 0.4318 2917.24 0.4699 3167.48
20 1 1 0.3937 2911.80 0.3937 2940.60 0.4191 3090.63
21 2 1 0.4826 4052.49 0.5715 4573.99 0.5461 4459.96
22 1 1 0.5461 4222.36 0.4953 3886.31 0.5461 4258.36
23 1 2 0.3937 3279.00 0.4953 3965.51 0.4191 3490.23
24 2 1 0.5969 4090.41 0.5588 3854.57 0.5969 4076.01
25 2 2 0.3937 2911.80 0.4191 3054.63 0.4445 3211.86
26 2 2 0.4191 3018.63 0.4191 3025.83 0.4191 3061.83
27 1 1 0.5842 5387.00 0.5461 5158.36 0.5842 5336.60
28 1 1 0.5969 5285.61 0.5969 5285.61 0.5842 5199.80
29 1 1 0.5588 4581.77 0.5588 4632.17 0.5715 4681.99
30 2 1 0.5588 4812.17 0.5334 4593.75 0.5715 4876.39
31 1 2 0.4191 3299.43 0.3937 3135.00 0.4064 3213.62
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Table 3 Continued.  Results Data Spreadsheet from Vertec Measuring Device. 
Vert jp (m); Power (W) 
 
Vert jp4 power4 Vert jp5 power5 
0.4064 3091.22 0.4064 3069.62
0.5842 4235.00 0.5715 4221.19
0.4064 3508.82 0.4318 3658.84
0.5461 4423.96 0.5207 4284.73
0.6477 4930.46 0.6731 5102.09
0.5588 4563.77 0.5842 4721.00
0.6477 5333.66 0.6604 5376.28
0.5207 5101.93 0.5461 5323.96
0.4191 3486.63 0.4445 3679.86
0.4699 3599.48 0.4826 3670.89
0.3556 2776.76 0.4064 3069.62
0.4445 3334.26
0.4318 3118.84 0.4445 3161.46
0.5588 3753.77 0.6096 4104.22
0.3937 3826.20 0.3683 3654.58
0.4318 3327.64 0.4572 3492.07
0.4318 3442.84 0.4953 3886.31
0.4572 3182.47 0.4699 3304.28
0.4699 3117.08 0.5207 3453.13
0.4064 3040.82
0.5461 4459.96 0.6096 4881.82
0.5334 4154.55 0.6096 4565.02
0.4064 3408.02 0.4445 3687.06
0.5969 4090.41
0.4699 3361.88 0.5080 3561.72
0.4445 3190.26 0.4699 3354.68
0.6096 5515.42 0.6223 5572.44
0.5969 5278.41
0.5461 4531.96 0.5969 4868.01
0.5842 4991.00 0.5969 5012.01
0.3937 3106.20 0.4064 3228.02
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Table 4.  Results Data Comparing Vertec (vj & p) Data to Bertec (ej & ep) Data  
vj & ej (m); p & ep (W) 
 
id group sex vj1 p1 ej1 ep1 vj2 p2 ej2 ep2 
1 1 2 0.3683 2840.98 0.2233 1943.64 0.3683 2819.38 0.2170 1883.05
2 1 2 0.5842 4206.20 0.3840 2966.83 0.5588 4048.97 0.3592 2813.40
3 1 2 0.4445 3701.46 0.0135 1033.36 0.3937 3459.00 0.0047 1051.16
4 2 2 0.5207 4201.93 0.2732 2670.11 0.5207 4237.93 0.2888 2802.49
5 2 1 0.5715 4494.79 0.3804 3311.95 0.6223 4816.44 0.3211 2952.28
6 2 1 0.5842 4710.20 0.3965 3548.57 0.5334 4460.55 0.3722 3462.71
7 1 1 0.5969 5040.81 0.4060 3859.07 0.5969 5048.01 0.4057 3864.41
8 2 1 0.5334 5274.15 0.3657 4236.16 0.5207 5101.93 0.3889 4285.95
9 1 2 0.4064 3364.82 0.2803 2584.03 0.4318 3565.24 0.0447 1168.89
10 1 2 0.4826 3663.69 0.2960 2508.67 0.4445 3449.46 0.2642 2333.43
11 2 2 0.3810 2854.79 0.2174 1842.29 0.3175 2476.13 0.2444 2023.84
12 1 2 0.4445 3312.66 0.2653 2203.56 0.4191 3155.43 0.2634 2191.45
13 2 2 0.3937 2868.60 0.2857 2200.27 0.3429 2568.55 0.2610 2061.69
14 2 2 0.5207 3561.13 0.3863 2729.42 0.5080 3475.32 0.4269 2973.07
15 2 2 0.3556 3511.16 0.0734 1764.51 0.3683 3607.78 0.1472 2238.98
16 2 2 0.4318 3313.24 0.2915 2444.80 0.4318 3349.24 0.3002 2534.53
17 2 2 0.4191 3400.23 0.2902 2602.49 0.4191 3421.83 0.2442 2339.37
18 1 2 0.4064 2875.22 0.3138 2302.06 0.4064 2896.82 0.2728 2069.68
19 2 2 0.4826 3166.89 0.3484 2336.12 0.4318 2917.24 0.3224 2240.33
20 1 1 0.3937 2911.80 0.2690 2139.74 0.3937 2940.60 0.2725 2190.26
21 2 1 0.4826 4052.49 0.3733 3375.93 0.5715 4573.99 0.4326 3714.42
22 1 1 0.5461 4222.36 0.3275 2869.34 0.4953 3886.31 0.3308 2867.80
23 1 2 0.3937 3279.00 0.2863 2614.03 0.4953 3965.51 0.1994 2134.18
24 2 1 0.5969 4090.41 0.4202 2996.59 0.5588 3854.57 0.4308 3062.12
25 2 2 0.3937 2911.80 0.2806 2211.87 0.4191 3054.63 0.2938 2279.21
26 2 2 0.4191 3018.63 0.2835 2179.57 0.4191 3025.83 0.2616 2050.98
27 1 1 0.5842 5387.00 0.2940 3590.67 0.5461 5158.36 0.3502 3945.53
28 1 1 0.5969 5285.61 0.3381 3683.41 0.5969 5285.61 0.3562 3795.77
29 1 1 0.5588 4581.77 0.3858 3510.62 0.5588 4632.17 0.3892 3582.19
30 2 1 0.5588 4812.17 0.3584 3571.75 0.5334 4593.75 0.3728 3599.36
31 1 2 0.4191 3299.43 0.2763 2415.44 0.3937 3135.00 0.2646 2336.11
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Table 4 Continued.  Results Data Comparing Vertec (vj & p) Data to Bertec (ej & ep) 
Data. 
 
vj3 p3 ej3 ep3 vj4 p4 ej4 ep4 
0.3937 2991.00 0.2450 2070.32 0.4064 3091.22 0.0128 655.04
0.5715 4095.19 0.4241 3182.58 0.5842 4235.00 0.3955 3066.83
0.3810 3387.59 0.2806 2766.13 0.4064 3508.82 0.0243 1143.81
0.5207 4237.93 0.2850 2779.03 0.5461 4423.96 0.2936 2860.76
0.6477 4919.66 0.4643 3784.70 0.6477 4930.46 0.4641 3793.74
0.5588 4617.77 0.4307 3825.03 0.5588 4563.77 0.4777 4061.69
0.6223 5176.44 0.3580 3540.55 0.6477 5333.66 0.3583 3542.18
0.5334 5187.75 0.3769 4218.96 0.5207 5101.93 0.3701 4169.87
0.4445 3690.66 0.0194 1059.42 0.4191 3486.63 0.3145 2839.22
0.4953 3727.91 0.3524 2843.48 0.4699 3599.48 0.3411 2802.33
0.3683 2797.78 0.2701 2189.65 0.3556 2776.76 0.2498 2121.64
0.4572 3391.27 0.3266 2582.58 0.4445 3334.26 0.3163 2540.66
0.3937 2872.20 0.2532 2002.25 0.4318 3118.84 0.2644 2082.56
0.5842 3954.20 0.4663 3224.46 0.5588 3753.77 0.4768 3246.49
0.3683 3683.38 0.1617 2404.57 0.3937 3826.20 0.1863 2542.70
0.4445 3413.46 0.2994 2515.08 0.4318 3327.64 0.3251 2666.98
0.4191 3389.43 0.2855 2562.32 0.4318 3442.84 0.3048 2656.91
0.4318 3028.84 0.2675 2011.79 0.4572 3182.47 0.2741 2048.87
0.4699 3167.48 0.0172 365.10 0.4699 3117.08 0.0218 343.29
0.4191 3090.63 0.2777 2215.60
0.5461 4459.96 0.4191 3674.05 0.5461 4459.96 0.3963 3532.80
0.5461 4258.36 0.3942 3317.83 0.5334 4154.55 0.3873 3250.10
0.4191 3490.23 0.2570 2487.05 0.4064 3408.02 0.2498 2438.62
0.5969 4076.01 0.4396 3102.58
0.4445 3211.86 0.2888 2248.16 0.4699 3361.88 0.2936 2270.71
0.4191 3061.83 0.2709 2144.75 0.4445 3190.26 0.2706 2113.95
0.5842 5336.60 0.3858 4108.50 0.6096 5515.42 0.3667 4011.96
0.5842 5199.80 0.3594 3807.98 0.5969 5278.41 0.3868 3978.10
0.5715 4681.99 0.0188 1260.48 0.5461 4531.96 0.0269 1317.86
0.5715 4876.39 0.3794 3687.16 0.5842 4991.00 0.3961 3826.79
0.4064 3213.62 0.2954 2526.41 0.3937 3106.20 0.2882 2453.01
52
Table 4 Continued.  Results data comparing Vertec (vj & p) Data to Bertec (ej & ep) 
Data. 
 
vj5 p5 ej5 ep5 
0.4064 3069.62 0.2443 2066.21
0.5715 4221.19 0.3590 2905.76
0.4318 3658.84 0.3334 3050.02
0.5207 4284.73 0.2885 2847.35
0.6731 5102.09 0.4948 3998.24
0.5842 4721.00 0.4381 3816.57
0.6604 5376.28 0.4171 3870.49
0.5461 5323.96 0.3922 4371.57
0.4445 3679.86 0.0218 1063.23
0.4826 3670.89 0.3431 2807.14
0.4064 3069.62 0.2533 2121.74
0.4445 3161.46 0.2778 2129.50
0.6096 4104.22 0.5177 3535.49
0.3683 3654.58 0.1803 2491.14
0.4572 3492.07 0.3134 2601.83
0.4953 3886.31 0.3054 2711.01
0.4699 3304.28 0.3127 2331.41
0.5207 3453.13 0.3776 2567.07
0.4064 3040.82 0.2612 2141.78
0.6096 4881.82 0.4480 3881.39
0.6096 4565.02 0.4004 3270.19
0.4445 3687.06 0.2842 2694.91
0.5969 4090.41 0.4489 3174.60
0.5080 3561.72 0.3581 2633.75
0.4699 3354.68 0.3146 2393.09
0.6223 5572.44 0.3995 4193.46
0.5969 4868.01 0.4271 3817.01
0.5969 5012.01 0.4123 3869.61
0.4064 3228.02 0.2843 2472.33
